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-TroftAKPry RggORT 
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Army h* r Forces, Air» Teohnloal Service Command 
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Bureau of Aeronautics, Navj Department 

piianr TESTS OF THS SIKORSKY BNS-I (AHMT YR-UB) HELICOPTER 

X   - EXPERIMENTAL BATA OK tSVfcX-FLIGBT PERP0RHA*7C3 

TiiTn axcazrAL HOTOH "BLADES 

Ey ?:,   B.  Guctefscn 

SUICMAHY 

Results of performance mefesuriments rade in level 
flight with the HNS-1  (Army JT3-ÜB) helicopter are pre- 
sentedi    These aatn ir.aluc'e torquemeter measurements of 
shaft power for both the main rotor and the tail rotcr« 
The power öatn,   in 0 on junction with full-soale-tunnel 
dat'... on the  lift  and dra£ of the fuselage*  a^e used to 
calculate the c'rsr-lift re tin for ths male rotor. 

Tti-j following results were  obtslned for the HNS-1 
helicopter1  as  tested at r ^rocs weight of approximately 
2StO pounds  and equipped with the original n*t of main« 
rotor blades:    r,inimu;r. main-rotor-shaft power et cruising 
rpiTJ|  approximately 99 horsepower at a speed of 1+0 miles 
xiGT hoar;   rotor-shaft power absorbed by  tail rotor at 
cruising rpmf  approximately 3 to !i horsepower over a 
range of speeds frort, 25 to 3b miles  ^er hour;  maximum 
ratio  of lift  to drk£ for the rain rotor  attainable  within 
the  available  speed  ran£e,  h.7'>  maximum value of vel^ht- 
dra^  r:\+-io  (ratio  of v/eipht  tc  the drag equivalent  to 
the tounl  rotor-shaft  newer),  3•5l  speed for maximum 
Weight-drag ratio,   aoproxirrattly  67 miles  per hour.     The 
results  also Indicate  that maln-rotor-shaft power required 
Is  appreciably affected by rotor :pm,   a reduction in rpr.i 
of 5 percent corresponding to a reduction of approximately 
3   to ); horsepower when operating at  or rear the  speed for 
minimum power. 
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TT:TRODT
T
OTTOI: 

Ir ord»-:r to prov? fie data with vhicb  theory and 
wind-tunnel measurementa on powered rot«ting-airfoil 
p^?,tüv"ri  ma;; te cheeked,   flight  teats  <\re   boin^  eon- 
d u c t e d e t Ls ng J ey  L ab o r fit ory n i th a S i1 c o r a ky HM3 -1 
(Army YR-lj.3) helicopter«     These  teats Include perform- 
ance measurement«  Ln üevsl flight,  Covering,  and glides 
and  climb 3,  and camera observations of bla-'e motion in 
selected conditions.    This report presents the results of 
the level-flight performance measurements that were made 
with fhe original set of main-rotor bledes. 

S*XKBOLS 

VQ   calibrated airspeed findicated airspeed corrected for 
instrument and installation errors; can be con- 

sider ed e-.]ui 1 to v fJL\ 

V    true airspeed 

f-    mass density of air 

17* 
in the present case) 

mass density of air at sea level under standard 
con? 1 tions   ( J.002378  ?lu,7 per  f oo t?) 

average ruin rotor-blade pitch,  uncorreoted for play 
in linkage and  for mean  blade twist 

tin-speed ..       /V  00?   a \ 

spindle angle of  an equivalent rotor with no periodic 
variation of the rotor-blade pitch angle, measured 
in the plane  of symmetry   and  referenced to a line 
^eroor.aicuU'.r to  tha  flight  path;   positive  aft 

ho 

solidity —- where % = equivalent chord" .£ cr'-dr 

£ r-C.r 

giving    G = 9.060  for the  present  case 
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number of blades 

t\ 

PA 

slope of Hit coefficient u£;aitir £'3C iion  angle 
DT   attach   (radian n^asar»*,),  aLsuj.^ti e 
i- (: In thn   rep or 

equal to 

nower coeffielent /5°J or-shaft power inou 

ahaf t -poTC r car am«te r Tie ay mo 

rR> 

ol    P 
) 
aual 

i; o t i:;^ re t or-sha f t r. on a r di vi d e 6 by the 
velocity alone the  night path.    It is, 
the refor ..Iro ectual to the dra« foroe that 
could be overcom« 
flight velocity 

- » the !*t  power *at Ue 

2c?,?^:r^  anrle of an« 13 L etweon  relet 1 ve 
i   !TIH and r* LTO in the pl^ne of symmetry and 
perpendicular to  t.he main rotor-shaft  .±xis; 
positive whan nose up) 

Acij.        correction tc fuselage an^lc of r.ttir»:-  to allow 
V o r  r D t. o r 3 o i n w a s i i 

correct« fuselage angle o* ;tacl Cif   +   üCf) 

"unoor 
n 13 orre c t s i : -o t o r lift  coef fi c 1 ent 

correction to r^tor- lift  coefficient for fusel 
4ownload 

ige 

'-■ 

(fit 

1 otoi ift eoeffioloat + A' 
.aiso? 

thrust   coeffic' ent erected  rotor lift 

per w: 3T 5 
>aras i te dre g o f f us e 1 ag e,  i ot or h e a t!,   and b 1 ai.e 

shanks, di v i •:' ed by corre cted main-ro tor 11 ft 
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öl 

... 

R 

r 

L 

parasite»drag contribution of tell rotor divided 
u.v  oorrec+ec? main-rot or lift 

drag-lift ratio of rain rotor afte^ applying 
corrections for fuselage download and for 
fuselage  ard  auxiliary   rotor parssito  drag 

fusels^o   lift  coefficient 

fuselage  dra^  co:ffie.lent 

rotor-blade radius 

radius of blade   3 lerne at 

corrected rotor  lift 

rotor angular velocity!  radians  per second 

APPARATUS 

I>3 303 lpt1 on of aircraft.-  General  views  of  the 
PSiS-l helicopter  (AAF  Sur' a I Nn.   L1.3-28229)   are   shown in 
figures 1,  2,   and   3.     Tfc-3 plan form of  the rain-  and tail- 
rotor blades  is  shown ii  figure l+.     Dimensions  und other 
details  for the  eircraft as  flown are as follows* 

Gen.irc.1  cheractcristi cs : 
Gross weight  us  flown (±2 percent)«  lb 2560 
Disk loading«   lb/sq ft • 2.26 
Power loading  as  flown  (normal rated power), 

lb/bhp . II4..2 
Parasite drag  area    D/q«    typical flight 

condition,' sq ft  23 
Power rating for take-off    ....  190 bhp at 2250 rpm 
Power rating,  normal 180 bhp at 2100 rpm 
Gear ratio,  engine to main rotor 9.3!+: 1 
Gear  ratio,   engine  to  tail  r^tor 30; 17 
Fuel  capacity,  gal?. 30 
Center-of-gravity position,  below plans 

of flapping hinges«  feet       1^.5 

•v 
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irom 

"iTnir-rntor« characterise cs 
Re lius, ft 1.9 
Blade twist None 

be* 
Solidity, —A C 

irB 
Blade area  (total,  three blades),  di ft    .... 
Til .-».do soot Ion NACA 
?'e.in  ?itch r-vi>:c,   ^e^ 2.> 1 
?.7cljc  pitch range, obtained from: 

Longitudinal stic^ rotion, deg     , 
Lateral st icV motion, de£         , 

Direction of rotation:     3ounterclooktrt.se aa  viewed 
above 

Moment of0inertia 0.1  blade  about flapping axia, 
slug ft*    

Blade weight  (one L>lade),  lo 53 
3l*de center of gravity, iiom g 3f rotor shaft» in.9t«3 
^r^ hinge location, fror. £ of rotor sha^t, Ln. . .?.0S 
Flapping hinge    g  location,  fro» p.  of rotor 

shaft,  In.   •   • .'       0 

Tai 1- rot or chara n 13 'istios: 
Radius,  ft J.96 
Blade trrist None 
Solidity, 2£S. 0.10 

rrp 
Blade aree  (total,  three blades),  sq ft     ....    I4..92 
Hlade 3eotion NACA 0012 
Mean pltoh range, deg -U to 16 
Shaft axis    setting 

Horizontal projection:   rotor-shaft  axis  Inclined 
2.1    backward fron perpendicular to axls of 
symmetry of fuselaße 

vtrti'*fcl projection:   rotor-shaft axis perpendicular 
to r».ain-rotor-shaft  axis. 

TAstance  fror hub center to main-rotor shaft, ft. 25.2 

Instrument«?tloi 1 and £sth0ds • - Quant 111 ea n0asured 
during tue rorword-nignt tests Included  the following: 

Al rspeed 
Rotor    rpir 
Engine manifold pressure 
Main-rotor-shaft torque 
Tai 1-ro10r-shaft  torque 
F r e e - E I r t e arp or at u re 
Intuke-air temperature 
Free-air static pressure 

Iain-rotor pitoh 
Tail-rot or pitch 
Attitude angle  (shaft 

Inclination) 
Upwash  and yaw flov/ angles 

ahead  or the rotor disk 
Cyclic   pitch control position 
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The   free-air  te*roeraturo  r..nd the  engine  Intake-Gir 
13*»7.er rhure  *'*< ^e   obta In.-d   f r0*1 j nJ 11:-• t in^; Instruments ; 
all.  otner quantities were obtained iroi? NACA recording 
Instruments« 

The el r^eed was determined by means 
sniveling pitot-statio Installation (fig. 
static holes   loo at ad  ?t  a point 25?  inches 

of 
5) 

a doublc- 
having its 

ahead, ox   the 
main-rotor shaft and  5U inches below tne elene of the 
flapping hinges«    The Installation was  calibrated by 
means  of a trailinrr-pi tot-static bomb suspended approxi« 
irately  100 feet below the  rotor.     Thi  calibration data 
are  shown In figure  6. 

The  engine manifold  pre r, sure,   intake-air tempera- 
ture,  and  rpm values ware used, to calculate engine brake 
horsepowex  by UP 3 of  the  calibration  curve rrivui in 
Technical   Order  AM 01-10 DA-1« 

The pain-  and tail-rotor-shaft  torques were obtained 
by means of strain-gage torquemeters.     The  strain- 
sensitive elsments   for  the main rotor ware mounted on 
the driveshaft  between the gear bo;: and the pylon thrust 
bearing.     Those  for the tall rotor were mounted on that 
portion  ot   the driveshaft between the  tall-rotor gear 
box and the rearmost shaft bearing. 

The  torquemeter shaft assemblies,  including the 
strain-sensitive  elements  und sllprings, were designed 
by Baldwin-Southwark Division of the  Baldwin Locomotive 
Works   ander contract with thj  Army Air  Forces.     An 
NACA r?cording galvanometer war- used to measure the ga^e 
output*     Voltage  control  and  aleo   a  periodic  check 
throughout each ran on the  zsro reading and sensitivity 
of' the galvanometer circuit ware  obtained with additional 
equipment developed especially  for the  purpose« 

The  values  of main-rotor pitch setting   and control-stick 
(cyclic  pitch)   position were obtained from control- 
position recorders  attached  to the   push-pull  tubes  extending 
from Inside  the  fuselag-e  to the rotor heoc The   stick 
position is  referred to the position for zero cyclic 
pitch variation«     The  available stick travel  frorr  this 
position us measured at  the   box.  of  the stick is  6.0 inches 
forward, 7*1 inches  aft, L..1 inches right,   and 7*6 inches 
left.     The   emplltudo oi' the  cyclic  pitch variation,  in 
degrees  from  the  mean pitch value, rr.ay  be  estimated by 
multiplying  the  stiel- di^laoaraent In Inches by 1.2-j. 
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The phase   angle of the cyclic:  pitch action,  in degrees 
from the rearmost  rjosition of the blade*  »ay be estimated 
for the  power-on condition  by assuring  t.brt  the TP-riximu*.Ti 
effect o.t   tno longitudinal stick defleotlon occurs  ßt 
5^° and st 2^5    azimuth and  fhpt  the maximum of foot  of 
the lateral  stick displacement occurs  at  155°  an'^ 555° 
azimuth«     There ostirr-stcs  .rust be  viewer!   os  aepro'Tirrate, 
however, because of linkage play, perlodio blade twist, 
end the  chance  In the  phase of   the control  action witn 
ohanges  In rotor tor-quo or rpxu. 

The values   Cor the tall-rotor pitch were  obtained 
from a control«position recorder attached to the tall- 
rotor control   3able8.    This Installation was calibrated 
with a mi^ll pitch  ^s-j^eosirv moment  applied  to the 
bladesi  to  Lnsure  th.it  He ;>Ky -n the system (roughly ±1° 
fro™, the "o^:; position)  would  be taken up in a direction 
corresponding   to trat  anticipated lor the flight condi- 
tions covered. 

The  attitude  angle (main-rotor-shaft inclination 
from the  vertical* positive  rei.rwa.-K:)  was detcrriined by 
means of a pendulum Lncllnometer« 

The  yaw  and the  u^v.ash flow  angles were obtain.3d by 
^ean3  of a calibrated yaw head  mounted on the  end of the 
airs^r-oc?  boor.  (fi&.   ]\.).     Tncse   tubts were  located k^O inches 
ahead  of  the  rotor  shaft  and ^i| inches  below the piano 
of the  flapping hin TOS.     The  uncles  £j_vbn  ar>e  referred 
to  a  line   Ln  the  plane of  symmetry   and pcroonrJicular  to 
the.-  rotor shaft.     A positive yaw in^le corresponds to 
ri^ht yaw  or   left   sMo?lip. 

HEDUCTIOK OF DkTk 

Ihe method of calculation of the majority   ^-f the 
coefficients  presented  will bo  appcrent  by definition. 
The Tnotfcods of obtalning tlp-speed ratio    ^    and rotor 
clr^-lift  ratio    D/1*,     however,  require  sone explanation, 

'■.'ip-seeed   natio ^.- Evaluation of  the     cos  a    term 
! n tl it •  e c o e p ted ä e C i nl 11 o n c f t he  t i p - a p e e d r a t!. o 

V c o s   a 
a  - —rr requires  the üeter:ninGt ion  of  tin  equivalent 
spindle  angle   for a  rotor with no periodic  variation of 
the  rotor-blade '.»itch ?n£le.     This  equivalent   anC;)le was 

I 

■ 
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determines  by sd'iinr  the  amnlitacie  of the  l.on^,Ltadinal 
ccr-pjiert of  the  rotox'-bls.Je  cyclic   pitch variation 
f percale blrcie  pitch angle change about trar.sv3rr.e 
axis   of snip)   e^timatec!  fron the  stic'c-posltion data to 
the measures'  shaft angle. 

Rotor jirs^-H ft  ratio    ^/L.-  The evaluation of  rotor 
cU"8p;-"li7t  ^atTo"  L-e^üir^c   a  ^'.^r^üt   ür,u: trary division  of 
the drag losses into fuselage  parcel to drag r.:.id rotor 
profile-drag losses.    In this report the drag of the hub 
structure ^.no. the cylindrical blade shanks has been charged 
to fuselage parasite loss.    This division is convenient 
because   the dra^ of  these   Items  vi.rijs  with forward  speed 
rather th.n with rotational s-^eec1..     It  Elso ^.ives  a nore 
correct index of the performance to  k;c exoccts-i  from later 
rotor designs,  inasmuch ^s the  relative drar; of the hub 
structure  on the RNS-1 is obviously much greater than that 
on any of  the «? o re  re c ent :1 e s i gn s . 

TU determining  the drag-lift  ratios  of the main rotor 
fro*n measured   values of shaft po'-er  and known  values  of 
gross weight,  allowances have been r.nZe for the following 
factors: 

(1)  Power required  to  overcome   the ouraslte drag of 
the  fuselage,  rot^r head,   and  blade  shanks« 

f2)  Power required to overcome the drap force  on the 
tail  rotor.     (This  power  is totally independent 
of  the power transmitted through the tail rotor 
shaft.) 

(3)  Rotor lift 1  in excess of the gross weight, 
required because of the dovmward   air load on 
the fuselage* 

The  individual values  for all  of the.?e  allowances 
have been included  in table  TJ   ..n or;".er  that their magni- 
tude may be noted. 

Items   (1)   and (3)  were determined by use of unpublished 
full-scale-tunnel date  on the lift  ana"  drag of the fuselage 
of a YP-I4.3 helicopter  (AAF Serial  No.   l£-28225).     These 
data were obtained  -1 th the  airspeed boom shown in fig- 
ure  5 mounted  on theYP-llB fuselage,  in order to make the 
data directly applicable  to the flight tests.     The    meas- 
ured drag coefficients were  Increased bj 0,00035,  ov 

about 2 percent,  as  an  allowance  for the drag of tho 
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cylindrical blade shanks;  this lnorement was estimated 
fro& data on yawed cylinders«    The fuselage drag aiid 
lift ourves uaed In the analysis a-^e snown in figure 7« 
Too wlnd-tunn»l  values were  obtained   over a range of 
angles of attack but the fuselage was,  of course, not 
being sub je o ted to the downwasl* from the rotor.    .As an 
approximate allowance  for this flownwash,  the fuselage 
angle 
equal 
term represent* 
at  the  ret or. 

of attack  for the flight coalition:-; was taken as 
bo the measured angle minus    57«3  (CJ/'J.)    which 

tne approximate induced flow angle 

No directly   applicable date weie  available  for 
Qvpluat?on of 1 ten (£).    AS a rational approximation! 
theoretical calculations similar In principle  to those 
of the example of reference  1 were wu3e.     The process 
oonslsted in finding :<n airfoil-section profile-drag 
value  which results in a calculated value of ^haft 
power equal to the measured value« The ..  _.      x ...     .     ..._  spme profile- 
drag value was then used to calculate  the power required 
to pull the tfil  rotor.     The maximum value  so obtained 
wa3 3»-L horsepower;   this  value  COT es. pour's  to maximum 
speed.     In terms  of equivalent drag  area,   the  parasite 
drag allowance for the  tail  rotor was nearly constant, 
varying only  irorr ü.S to  1.0 square  foot over the  entire 
range of combinations of rpm and speed.    The mean blade- 
section drag coefficient required to make the calculated 
t^.il-r'jter-nh'-ft   oow-er equal  the  measured shaft  oower 
vaiied from 0.010 to 0.0]5. 

T.c will  be notf-d thrt the main-rotor thrust  coef- 
fidents presented rre based on the  assumption that 
rotor thrust equals  rotor lift.     This  assuretien Is 
Justified by the fnct  that refinenjent of the  thrust 
value by inclusion of  the drag component would result in 
a maximum difference  of about  1 percent. 

The  best data corrected lor Instrument errors are 
presented in  table  ]'.     The  values  of the main-rotor 
drag-lift  ratio and other parameters derived from those 
data arc  a 1 v3n In table II. 
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The power-roqulpad data fop the main rotor obtained 
frort: the torquemeter ^v,e plotted against true airspeed 
i n f l3ure 8 •     Be o i iu a 8   l he' d:. vi a 13 or: a   L r we i gjtit  ana den a i ty 
ratio were  small, no  corrections have been applied for 
variations or tnos-e f net on from their mean value a in 
prepar!n^ the horsepower-velocity plot.    A jheck of the 
error Involved  indicated th^t the maximum sorreotion which 
would :><*  applied + o an Individual value for horsepower« 
! n converting to average conditions» would he  ions than 
2 percer.t.     In calculating dir.ens4 onlays  qu*mttties, 
however,   individual  values  of weight  and density were 
employed for each tent  point.     The data of figure  o have 
been replotted in coefficient  forru in ii^ro  9.     mhe 
main-rot or drag-lift ratios,  obtained fi orr the power 
data aa  already described,   ure  shown in figure 10. 

The data  In  figures   3,   ">,   and   10 hove V*een grouped 
according to the  values  of the nondimenaional thrust coef- 
ficient   ~CT.     From an operational  standpoint,   the thrust 
c oe f f i olent I a mo at  re ad 1 ly changed by   \ aryl ng  the rpm 
of the  en  ine  and hence of  iiie  rotor,   and for this  reason 
a value of engine  rpm corresponding to each value of    Cm 
5s  given.    For this  purpose the  average  of the actual 
Cm    values within each group has been uaed.    The con- 
version froir    "r?    to rpm is  baaed on ever ige values of 
weight and density and an average download allowance; 
as  already mentioned, however,   the  variations in weight 
and density  are rot  large enough to be  significant   in this 
connection,  and examination of table IT will show that 
t.h e d own 1 a ad v a rl at ion i a 1 i k ewi s e s ma 11. 

To late were tahen at speeds  below approximately 
30 nil lea  ocr hour because of the difficulty which  the 
pilot experienced in maintaining steady  conditions  at 
speeds between approximately $0 miles per hour and near- 
hove ri n g speeds • 

DISCUSSIOK 

£ sin-rotor rower. - Int erpolati on of the d at a p re - 
sentya .1 n i' 1;;uTe~"3" inc Lc =»te3   .i mj ni^urr value   o i   maln- 
rotor-shaft horsepower of approximately 99 horsepower 
for cruising rpm  (2100 snglne rpn , 2zcj rotor rpm)   at a 
speed  af approximately I4.0 riles per hour.     A reduotion 
of power required   of about }  to L    horsepower for every 
5-percent   reduction in  rotor rpm is   also indicated  over 

mm 
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moat of the speed rangei including the speod for minimum 
oc-rei».     Ifvli,   redaction 3o   oovver  required at  a given  speed 
-•-•:; oo attributed to the combined benefits oi  operating 
at higher pltoh angles  rnd higher tio-spe:>ü ratLos while 
retaining fixed "tJuer of parasite and induced losses.   . 
rhis sr.ri'e trend toward lower power with lower rpm nay be 
shown with the data In nondlaienslonal form by plotting 
P/l-    gainst    Jr,     since  the   parasite  ar.d Induced losses 
are fired by the lift coefficient.     The form of the 
lesalllng  curves  is   o^lievsa  to  be rr.:^e   sjitable  for 
studyi howeveri if the velocity iU.ra.roter    1/V^L   *

S 

used;   such a plot is  shown in 
i? approximately equal to the 
of flight to that for- a 
relation would 
Instead of the 

be  ej:;-ict 
lift 
f 

figure  13.     The  ratio    ^/C£ 
ratio  oi   too  act aal  velocity 

coefficient  of rnlty;   the 
were based on weight 

rotor  lift,  I 
v r 

whxoh 1 n 3 lud e s  a \ a r y 5 n s 
per cent .:.re  silo* ar.oe  icr fuselage  downloadt 

Examination of figure 9  indicates  that minimum    l/L 
and hence meximuQ   range wili  be  obtained  üt  a  tJo-speed 
ratio of approximatol^ O.kL,  which corresoonda to  i speed 
of ^rf mile? par hour .at cruising rpn.    The minimum value 
of    P/L      at   cruising r0^,0.265,   eorresooncir   to  an 
equivalent  lift-dras ratl o of 3-8«     If the 11 ft allowanoe 
made  lor *he fuselage io-rxloai is  re?:ov;5d an.3  an allowanoe 
male icr the  newer absorbed through the  tail-rotor shaft, 
?.n equivalent weight-drag ratio of 5.5 is obtained for 
the  aircraft.     The   values  of miniTuri    F/L    for the 
various thrust   coefficients  (see faired curves of fig, II) 
shov  relatively little effect  of rotational  3">eed;  in 
partloularf  

fhe  reduction in    p/L    obtained by usin& 
rotational speeds below that  for oralsing Is small«    The 
ratios  Just ^\en for the cruising condition, therefore, 
ore conaicored to be  reasonably raores-antetivü  of the 
oorforTa::ce  oi" the  aircraft   is tested. 

The minimum value of main rotor    D/L    'f^.  10) 
i3 0.15»  corresponding to an    L/D of 6.7-     This  value 
was  c b t al lied f x om d at 5  t aken wl t h wi de - open  thro 11 le. 
Inspection of the ^ata or figure 10 indicates  that 
appreciably higher lotor    I/O    values ;r.:!^,bt bo expected 
if higher tip-speed r t'los could be reached«    The 
extension of  the tip-speed ratio values bj use of lover rota- 
tional      speed,  however 1 was carried  to tho  iov;e3o 
rotational   speed  at  which tha  pilot  oould  control  the 
aircraft.    Calculations Indicate that tip stalling 
should set in at approximately this  sa:ne combination of 
thrus t 0oef f 1 cie at and 11 p-speed rr ti 0 v alue s;   c onse quont ly, 
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further Inoreaae  .In tip-speed ratio  ond    L/')    would have 
to  bs obti'ji-ed by aj increase  In  forward  speed rather than 

reduction of rotational epeed« by 

Tall* 
the tail-x 
:• or speeds 
retop abso 
Thenc data 
c's.tn. point 
flolent, 3 
the tendon 
In speed« 
tall-rotoi 
slstently 
per hour, 
about 3.5 
rp*i  ! £  red 

rotor-shaft power»- Inspection of ths values  of 
otor power given In table I will indioate that 
between 25 end Co miles  oor hour the  tail 

rbs from 3 to h. shaft horsepower at normal rprr. 
are shown plotted against velocity, with the 
grouped aeoordlng  bo main-rotor thrust ooef- 

n f I gure 1. 
cy being * 

Some sffect of spoed is evident, 
decrer.se in shaft power with inorease 

re are r.lso Indications of an effect of 
'  rpn on shaft power; this effect is most con- 
evidenced in the top-speed data (70 to 80 miles 
flight 9)i which data Indioate a reduction from 
horsepower to about 2 horsepower as the engine 
uoed from 2^50 to 19kO. 

Analysis indicates that tbe 3hr.lt power nbsorbod by 
the tail rotor will vary with the yaw angle of the 

valu ate thi s effe ot a cont inuous re c c rd 
v-^i-r* v-ith the yew ang 

CO 
J 

n 
wan  tt^ccii et  7^ i*"lles  por hour 

•ange 

hellcopter• 
wan   tti!con  e 
Increased and decreased through a . .. - .. ... ^. 
change DI one horsepower in the tail-rotor-shaf 
for every 3»5° yaw waa Indicated, the lover sha 
corresponding to right yaw or left sideslip« I 
of the yaw sn-le values given in table T In the 
till s re i ut \ on ^ nd \ e ftt. e a tha t + he maximum e rr or 
rotor-shaft power, resulting from yaw or the ai 
approximately 0«5 horsepower. 

le  slowly 
A 

t  po^er 
ft power 
nsnectlon 
light  of 

in tail- 
rcraft,  Lc 

The power absorbed b*-  the drag of the tall rotoz has 
already been discussed in the seotion entitled Reduction 

Dat. 

CONCLUSIONS 

The  levnl-fli. ht  performance  data obtained  on the 
HNS-1 helicopter,  as   tested at a gross weight of approxi- 
mately 2|>c0 pound0;  i.-.id equipped  with the original set of 
M'- in- rot or blades,  ind." eaten  the  following conclusions! 

1.   The minimum shaft  power required bv   the main rotor 
at cruising rpm (225 rotor rpm#  2100 engine rpm)  "/as 
approximately 9^ horsepower at a speed of I4.0 miles  oer 
hau r. 
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2. The  shaft  pover  Absorbed  bv th3 tail rotor  at 
eruj pin r rot) ros approximate 1? ?  bo 'i  horsepower o^er a 
ran&e of speeds from 'dvj to SO miles  per hour. 

3. A reduction of 5 peroent In lotor rpm results in 
a reduction or approximately 3 to 1+ horsepower in the 
value or main-rotor-shaft power,   it or near the speed far 
minimum power■ 

U.  The maximum lift-drag ratio  for  the nsin rotor 
was  approximately  t-7»    A higher    L/r»    could probably 
be obtained if higher speeds eoula be reeohed« 

f/, A maximum value of «eight-drag ratio (ratio of 
weight to the drag equivalent of ehe total rotor-1 lid" t 
oower)  of 3.5 vas obtained  at 9  sooed of approximately 
o? miles  pr;r hour. 

Longley Memorial aeronautical Laboratory 
Ndtioni«"!.  Advisory  Committee  .i'or  aeronautics 

Langley Meld, Va. 
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Figure 5.-   Airspeed boom and details of pitot-static and flow-angle 
pressure-tube installations. 
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Figur« 7.- Fu8*1age 
HNS-1 halioopUr. 
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lllght Tests of the Sikorsky HNS-1 (Army YR-4B) Helicopter - I - Experimental 
Data on Level-Flight Performance with Original Ruler Blades 

Gustafson, F. B. 
Langley Memorial Aeronautical Lab., Langley Field, Va. 

National Advisory Committee for aeronautics, Washington, D. C. 

March • 45       Unclass. U.S. Eng. 34 photos, tables, diagr, graphs 

33410 

(None) 

MR-L540 

(Same) 

Level flight performance measurements were made on the TR-4B helicopter 
with the original set of main-rotor blades and a gross weight of approximately 
2560 pounds. The minimum shaft power required by the main rotor at cruising 
rpm (225 rotor rpm, 2100 engine rpm) was approximately 09 hp at a speed of 
40 mph. The shaft power absorbed by the tail rotor at cruising rpm was approxi- 
mately 3 to 4 hp over a range of speeds from 25 to 80 mph. 
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